Background: Residual acetabular dysplasia is one of the main complications of developmental dysplasia of the hip (DDH). Without treatment, over time degenerative osteoarthritis of the joint will develop, inexorably leading to the need for joint replacement. Acetabular and/or femoral osteotomies do not avoid the appearance of osteoarthritis in a significant number of patients. The purpose of this study was to assess the possibility of provoking changes in the morphology of the acetabulum through selective epiphysiodesis of the extra-articular portion of the ilioischial arm of the triradiate cartilage, using a percutaneous cannulated screw with the guidance of an imaging intensifier in an experimental model in rabbits. Methods: In a pilot study, 3-week-old New Zealand rabbits (n = 20) were submitted to unilateral surgery of the hip while the contralateral hip of the same group was used as a control. Posterior epiphysiodesis to the triradiate cartilage of the acetabulum was performed by placement of a cannulated screw. The rabbits were followed-up until 18 weeks of life. Radiographic measurements of the hips were performed immediately postoperatively and at 12 weeks of life and before the rabbits were sacrificed at week 18. Three-dimensional computed tomography (3D-CT) scans were performed. Non-parametric tests for paired samples and the Wilcoxon test were used to compare the differences between group 1 and group 2. A p < 0.05 was considered significant. Results: The non-intervened hips showed that, when the rabbit matured, the acetabulum lost concavity and depth. When comparing the median differences of the angles evaluated at 12 weeks between groups, a statistically significant difference was found in all radiographic measurements: an increase in Wiberg's angle but a decrease in acetabular index, acetabular angle of Sharp, acetabular depth index, and acetabular anteversion. Evaluating the operated hips at 12 and 18 weeks (three months after having removed the screw) using 3D-CT, we observed a rebound effect in the correction confirming that the effect obtained through selective B. Dello Russo 241 epiphysiodesis did not cause the definitive closure of the cartilage. Conclusions: Selective growth arrest of the ilioischial arm of the triradiate cartilage (posterior epiphysiodesis) can alter growth and change the shape of the acetabulum in rabbits. A rebound effect was observed when the screw was removed, confirming that the technique did not provoke definitive closure of the physis. Level of evidence: Level-2, therapeutic study.
Introduction
Residual acetabular dysplasia is one of the main complications of developmental dysplasia of the hip (DDH). Without treatment, over time degenerative osteoarthritis of the joint will develop, inexorably leading to the need for joint replacement. Residual dysplasia is the major cause of total hip replacement in young adults [1] - [3] .
Pediatric orthopedic surgeons have been trying to change the natural history of this defect through acetabular and/or femoral osteotomies [4] - [6] . Nevertheless, long-term follow-up studies have shown that such osteotomies do not avoid the appearance of osteoarthritis in a significant number of patients [7] . These difficulties have sparked the interest in developing a simpler and less aggressive method to obtain better long-term results. Iatrogenic or pathological lesions to the triradiate cartilage in skeletally immature patients have shown to lead to morphological changes in the development of the acetabulum [8] [9] .
Our hypothesis is that residual dysplasia may be improved by provoking selective growth arrest of the ilioischial arm of the triradiate cartilage (posterior epiphysiodesis). The aim of this study was to assess the possibility to obtain morphological changes in the acetabulum through posterior epiphysiodesis to the triradiate cartilage by the percutaneous placement of a 2.7-mm cannulated screw under imaging intensifier guidance in a pilot-model, experimental study in rabbits (Figure 1(a), Figure 1(b) ).
To this aim, the following objectives were proposed: to evaluate the morphology of the acetabulum using radiographic measurements in skeletally immature and mature rabbits; to compare the development of the acetabulum using radiographic and three-dimensional computed tomography (3D-CT) measurements after modulation of the growth plate of the posterior triradiate cartilage in the same animals; to compare the morphology of the acetabulum by measuring the diameters and depth of the acetabulum by caliper after modulation of the growth plate of the posterior triradiate cartilage; and finally, to compare the development of the acetabulum using 3D-CT measurements after removing the screw used to obtain the modulation effect on the growth plate.
Methods

Study Design
A pilot study was conducted in 3-week-old New Zealand (number of animals: 20, 10 males and 10 females) rabbits submitted to unilateral surgery in one hip while the contralateral hip of the same group was used as a control. The operative side was chosen by random allocation. Posterior selective epiphysiodesis of the ilioischial arm of the extra articular portion of the triradiate cartilage was performed guided by an imaging intensifier using a 2.7-mm cannulated screw at three weeks of life (Figure 1(a), Figure 1(b) ).
The rabbits were followed-up until they were 12 weeks of life. Anteroposterior radiographs of the pelvis were taken at 3 weeks and 12 weeks of life. At the latter moment a second intervention was performed to remove the device. Animals were sacrificed at the age of 18 weeks. Before that 3D-CT scans of the hips were also performed.
Anesthetic Protocol
Premedication with xylazine at 1 mg/kg, a 30 mg/kg dose of ketamine, and midazolam at 0.1 mg/kg via intramuscular route were administered. Inhalant anesthesia was started with a mask using isoflurane (5%) and subsequently, maintained at 0.5% with the addition of 1 gamma/kg IV dose of fentanyl. Subcutaneous ketoprofen 6 mg/kg/day and subcutaneous oxytetracycline 25 mg/kg/day were used for 4 days to control postsurgical pain and infections [10] .
Variables
The following radiographic parameters were measured: Acetabular index (AI) [11] (Figure 2) , lateral centeredge (CE) angle of Wiberg [12] (Figure 3) , acetabular angle of Sharp (AS) [13] (Figure 4) , and acetabular depth index (ADI) [14] (Figure 5 ).
Measurements were performed using IMPAX 6.5.3.1005 AGFA, 2013. To assess interobserver reliability and intraobserver reproducibility angular values founded a senior pediatric orthopedic surgeon and a senior musculoskeletal radiologist, measured the angles mentioned above in the radiographs taken at 3 and 12 weeks. In case of disagreement a second senior pediatric orthopedic surgeon, was consulted. The assessors were awarded the amount of time needed for evaluation, they were not allowed to discuss their results with their colleagues, and they were not informed about the X-ray re-evaluation. Two months later each participant was asked to reevaluate the same sets of X-rays in a different order.
Statistical Analysis
Inter-observer agreement was calculated with the Cohen-Kappa value for inter-observer reliability using the Fleiss method and Kappa coefficient was defined according to the guidelines proposed by Landis and Koch with the following intervals: <0.00: poor accuracy; 0.00 -0.20: slight accuracy; 0.21 -0.40: reasonable accuracy; 0.41 -0.60: moderate accuracy; 0.61 -0.80: considerable accuracy and 0.81 -1: accuracy almost perfect.
3D-CT scans were performed of the specimens after the rabbits were sacrificed. The following parameters were compared between groups: ADI [15] , CE angle of Wiberg, AS and Acetabular anteversion (AA) (Figure 6 (a) and Figure 6(b) ).
Histological Study
The morphology of the acetabulum was examined in the fresh specimen. We measured the diameters and depth of the acetabulum with a caliper. Depth of the acetabulum was measured in a uniform manner using the deepest point and the lateral margin of the acetabulum as landmarks. We also used a caliper to measure the percentage of area penetrated by the screw [16] [17] .
In each animal, tissue for histological examination was obtained from both hips. The acetabulum was excised and fixated in formalin, decalcified in polyvinyl pyrrolidone and EDTA, and embedded in paraffin. The specimens were sectioned in the sagittal plane, obtaining tissue from the anterior and posterior limbs of the triradiatecartilage. The tissue was stained with Masson's trichrome and alcian blue.
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Results
All the operated animals completed the study. The following complications were registered: a postoperative haematoma in the gluteus area that resolved without surgical treatment and a screw protrusion that did not interfere with the development of the study. There were no infections, extrusion or ruptures.
Radiographic results:
The Kappa inter-observer value between the two observers was: 0.86 for radiographic parameters.
In the second session, the Kappa values were 0.96.
The Kappa values for each particular angle were 0.90 for the AI, 0.79 for the CE, 0.89 for the AS, and 0.78 for the ADI. In the second session, the Kappa values were 1 for the AI, 0.86 for the CE, and 0.91 for the AS and 0.87 for the ADI.
Normal changes of angle values in radiographic measurements at 3 and 12 weeks in the non-operated group are shown in Table 1 . Statistically significant differences were found between results obtained at 3 weeks compared to those obtained at 12 weeks with increased angle values and a reduced angle of Wiberg (AI: 0.002; ADI: 0.001; CE: 0.001, AS: 0.001). These changes show that, unlike in humans, in the skeletally maturing rabbit the acetabulum loses concavity and depth (Figure 7) [18] [19] .
When comparing the median differences of the angles between groups evaluated at 12 weeks, a statistically significant difference was found in all radiographic measurements: an increase in Wiberg's angle but a decrease in Acetabular index, acetabular angle of Sharp, acetabular depth index, and acetabular anteversion.
The differences of the results between groups are shown in Table 2 ( Figure 8 ).
Evaluating the operated hips at 12 and 18 weeks (three months after having removed the screw) by 3D-CT, we observed a rebound effect in the correction confirming that the effect obtained through selective epiphysiodesis does not cause definitive closure of the cartilage. However the growth decelerates compared to the control group within those same weeks. The differences are shown in Figure 9 .
Histological Results
The acetabula of the operated group showed greater depths and concavity than those of the controls on morphometric analysis of the anatomical piece after the rabbits were sacrificed (Figure 10) .
These findings coincided with the 3D-CT measurements. The differences are shown in Table 4 . Penetrationof a screw into the joint in one specimen seen on 3D-CT was also confirmed by histology. Overall, the mean percentage of area penetrated by the screw was 95% (range, 92% -97%) of the total posterior ilioischial arm of the extraarticular portion of the triradiate cartilage, Histological study of the control group showed in microscopic evaluation the same pattern in all the samples: rounded cells occupied the zone with vascular penetration and endochondral ossification was observed (Figure 11 ) [20] [21] .
Histological study of the intervention group showed a more advanced ossification process (Figure 12) . We did not use electron micrographs images
Discussion
In humans, as in most mammals, the acetabular complex is composed of three bone components: the ilium, the pubis, and the ischium connected by the triradiate cartilage as shown schematically in Figure 1 [22] [23] . The growth plates of the triradiate cartilage are important in the formation of the acetabulum, of which the congruence and spherical contour (concentricity) in humans develop quickly in the first eight years of life, to continue more slowly until complete physeal closure [24] [25]. Thus, growth of the acetabulum does not take place on a single plane, but on the three planes in the joint space. Each of the growth plates of which the triradiate cartilage is composed grows to achieve a normal acetabular diameter [26] [27] .
A well-developed acetabulum has an adequate depth of its tear-drop image, a continuous Shenton's line that is concordant with the proximal femoral portion, and a good development of the acetabular index [28] [29] .
Several osteotomies were designed to manage acetabular dysplasia, a surgery associated with a great degree of blood loss with the possible need of a second surgery when the growth plates close in adolescence, as this procedure per se may cause new deformities in the coxo-femoral joint produced by iatrogenic injury to the triradiate cartilage [30] - [32] . Cummings described experimentally how hinging in Pemberton osteotomy caused injury to the ilioischial limb; however, using this osteotomy better clinical results are obtained than with the Salter technique [33] . Our hypothesis draws on these findings: Residual dysplasia may be improved by provoking selective growth arrest of the ilioischial arm of the triradiate cartilage (posterior epiphysiodesis).
Here, we present preliminary data that support the hypothesis that selective growth arrest of the ilioischial arm of the triradiate cartilage (posterior epiphysiodesis) may alter growth and change the shape of the acetabulum ( Table 2) showing how a selective percutaneous epiphysiodesis of the extra-articular part of the posterior limb of the triradiate cartilagesignificantly decreases the AI, the AS, and the ADI, while increasing the CE.
Conclusions
In conclusion, it seems that an imbalance exists between the ilioischial and the iliopubic limb of the triradiate cartilage and between the ilioischial limb and the superolateral part of the acetabular cartilage adjoining the ilium as Ponseti described [2] . Selective epiphysiodesis of the extra-articular portion of the ilioischial limb of the triradiate cartilage would correct this imbalance and improve acetabular dysplasia.
Moraleda, Albinana, and Forriol [34] have reported in an experimental study that it is feasible to provoke changes similar to those that occur in DDH by immobilizing the knee in extension in 3-week-old rabbits followed by selective epiphysiodesis of the triradiate cartilage (with open curettage) in the dysplastic hip, normalizing radiographic measurements and depth of the acetabulum [35] .
The results of this study show that acetabular maturity in rabbits entails morphological changes that are different from those in humans. In the human, the ilio-ischial limb is twice the size of the ilio-pubic-limb; while in the rabbit it is three times the size. The predominance may be responsible for the effect of the premature fusion on acetabular development. As the rabbit skeletally matures, the acetabulum loses concavity and depth ( Table 1) . This may be explained by the fact that quadrupeds distribute the weight of their body differently than humans [8] .
Selective epiphysiodesis is an accepted procedure for the correction of angle deformities in the lower limbs; however, percutaneous epiphysiodesis of the triradiate cartilage has not been performed in clinical studies. Here the effect produced by this selective epiphysiodesis is shown in a three-dimensional model. Acetabular growth modulation may be beneficial, especially in children with residual hip dysplasia secondary to DDH.
Additionally, in the literature there have been reports of techniques for the release of physeal bars in patients who suffered damage to the acetabular growth plate due to pelvic fractures [33] with uncertain results. Because of that good results may be obtained performing this intervention with the percutaneous placement of a 2.7-mm cannulated screw. Nevertheless, a rebound effect in the correction was observed when the screw was removed confirming that the effect obtained does not cause the definitive closure of the cartilage ( Table 3) . This study does not show how growth continues after the screw is removed from the triradiate cartilage; however, using similar techniques in the management of angle deformities in the lower limbs, growth of the limb resumes after screw removal [36] . Indeed, no physeal bars are found in histological sections of the areas operated.
Selective epiphysiodesis of the ilioischial limb of the triradiate cartilage also improves acetabular depth with good femoral head congruency. We demonstrated a statistically significant difference when comparing morphometric analysis and 3D-CT images ( Table 3, Table 4 ).
Given its potential benefits and low morbidity (one postoperative haematoma and one screw protrusion) associated with this minimal approach, limited blood loss, and fast mobilization, epiphysiodesis of the triradiate cartilage may be a useful complementary procedure for the treatment or prevention of residual dysplasia in children with DDH [37] . We emphasize that the results of this study are preliminary and therefore further research is necessary to be able to draw any definitive conclusions.
